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Organotin pollution has been a worldwide problem since its introduction in 
antifouling paints in the 1960’s. Organotins (OT) have been proven to cause physical 
defects, immune damage, and death to many kinds of marine species. Countries first 
issued bans on organotin compounds, such as Tributyltin and Triphenyltin, in the 
1980’s, with a complete ban on organotin use in antifouling by the International 
Maritime Organization (IMO) in 2009. As a member of the IMO, China is bound by 
treaty to take part in this ban on organotin, but has yet to establish local or national 
laws on its application as an antifoulant. With the issue being disregarded at the 
national level, it is important for local municipalities to take the problem into 
consideration. The coastal city of Xiamen has the unique features of being an 
exclusive economic zone, one of the largest ports in the country, and host to an 
effective management scheme known as Integrated Coastal Management (ICM). The 
local government has effectively used ICM to reduce environmental pollution and 
protect marine species over the past 20 years.  
This paper will discuss the regulation and reduction of organotin based paints 
through the use of ICM. Specifically it will consider the recommendations made by 
the IMO in its treaty on the ban of OT compounds as antifouling, potential negative 
economic and environmental issues, and the status of less toxic antifouling 
alternatives. The paper will analyze past and current legislation by countries which 
have already banned OT paints, and determine which of these laws and regulations 
can be effectively applied to Xiamen’s ICM scheme. The issue of enforcement and 
effective enforcement techniques will be addressed in detail, as this is one of the key 
issues hindering pollution control throughout China. Furthermore, the paper will look 
at the future steps which need to be taken in order to effectively reduce all sources of 
OT pollution in China and how the adoption of these types of regulations can serve as 
a role model for reduction of organotin based paints throughout China.  
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Section 1 Background 
1.1 Xiamen ICM 
Xiamen is a coastal city with a population of approximately 3.5 million people, 
located in southeastern China. Xiamen has historically been one of the country’s 
earliest international trade ports, originally hosting the embassies of various western 
countries, including Demark, France and the USA. As a special economic zone (SEZ) 
of China, Xiamen’s local government has more control over the laws and regulations 
passed in the city, which has allowed the city to become an important site for foreign 
investment. The area is also the largest stone port in China, representing over 60% of 
Chinese stone imports and exports (Xiamen Stone Transaction). However, with the 
pressure of this rapid economic growth the coastal zone of Xiamen has experienced a 
wide array of environmental impacts, caused partly by inadequate planning and 
management (Xue et al, 2004). 
 This period of rapid economic development, as a result of Xiamen’s selection 
as an SEZ, resulted in huge foreign and local investments into the city (Lambert et al, 
2002). With this increasing monetary injection, came rapid development of the fishing, 
aquaculture, shipping, and sea reclamation industries resulting in a wide array of 
environmental problems. Contamination from aquaculture, disruption of local habitats, 
and water pollution, left the local species and ecosystems in disarray (Brown, 2002). 
In 1989 there was only a single water sewage treatment facility, which failed to treat 
even a fraction of the blossoming city’s waste water, resulting in discharge of 
untreated runoff and sewage into the city’s waterways, leaving the Yungdang Lagoon 
biologically dead (PEMSEA, 2006b). The water pollution was not only impacting the 
natural environment, but diminishing the economic output of the aquaculture, 
fisheries, and tourism sectors (See Table 1). The local government began to realize 
the negative impacts of this unsustainable development, and began taking actions to 
















Section 1: Background 
 
2 
Table 1 Damage to Fisheries in Xiamen due to Pollution, 1984-1996  
Source: XDPO, 1998. 
Time Frame Location Area affected and Cost Cause 
1984 West Sea (Gaodian 
Village) 
Cultured razor Clams in 
38 ha /RMB 0.3 million 
Poor Water Quality 
1985 West Sea (Baozhu Islet) 60-100% of oysters in 
some culturing areas 
Poor Water Quality 
 Juilongjiang River Estuary 2 ha of short necked 
clams/ RMB 0.09 million 
Spills of ship anti-
corrosion paints 
1986 (June) West Sea (Gaopu Village) A large area of short-
necked clams 
Disease due to poor 
environmental quality 
1987 West Sea (Dongyu Village) 360 tons of cultured 
oysters in 200 ha / RMB 
1.44 million 
Diseases due to poor 
environmental quality 
1988 West Sea (Gaopu Village) Seabream in cage culture/ 
RMB 0.01 million 
Poor water quality 
1989 West Sea (Dongyu Islet) 60-80% of oysters and 
clams / 3 million RMB 
Poor environmental 
quality 
1990 (May) West Sea (Xiangyu tidal 
Flats) 
133 tons of clams in 1.3 ha 
/ RMB 0.18 million 
MSG factory sewage 
1992 (July) West Sea (Huoshaoyu) 1,000 kg of seabream and 
perch / RMB 0.17 million 
Shrimp pond 
discharge 
1993 (June) West Sea (Gaopu Beach) Crabs, shrimps and clambs 
/ RMB 0.09 million 
Factory oil leakage 
1994 (April) West Sea (Dongyu Islet) 19 ha of cultured shellfish 
/ RMB 0.63 million 
Suspended sediment 
from construction site 
1995 (April) Tong’an Bay (Huli County) 66 ha of shellfish / RMB 1 
million 
Crude oil leakage 
from the airport 
1995 (April) Tong’an Bay (off the 
airport) 
Oysters in suspended 
culture / RMB 0.5 million 
Ship oil spill 
1995 (May) Tong’an Bay (Shixun 
Ponds) 
3 tons of crabs in 40 ha / 
RMB 0.2 million 
Leakage of heavy oil 
from a beer brewery 
1995 (July) West Sea (Dongyu) 26 ha of cultured prawn 
and fish / RMB 0.5 million 
Increased suspended 
sediments 
1996 (July) West Sea (Gaopu) 70 cages of cultured fish / 
RMB 0.38 million 
Power plant coal ashes 
1996 West Sea (Eaoguan tidal 
flats) 
97% of short-necked 
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 In response to the poorly regulated development and marine pollution, Xiamen, 
under the guides of the United Nations Development Programme’s (UNDP) Regional 
Programme for the Prevention and Management of Marine Pollution in the East Asian 
Seas (MPP-EAS), introduced an Integrated Coastal Management (ICM) program in 
1994. This program was designed to demonstrate how ICM could be used to prevent 
and manage land and sea based pollution in regions undergoing rapid economic 
development. The program attempts to achieve this through the integration science 
into management decisions, increasing the involvement of stakeholders in decision 
making, long term goal setting, and sustainable development, while balancing 
economic, social, and environmental impacts (MPP-EAS, 1999). The ICM framework 
established by PEMSEA stressed the importance of a holistic approach to 
development and environmental problems, as opposed to being managed by 
individual sectors separately. Xiamen’s local government bureaus formed a Joint 
Strategic Management Plan for Marine Pollution Prevention and Management in 
Xiamen (PEMSEA, 2003).  
 The local ICM program in Xiamen has accomplished many feats in terms of 
controlling economic development while improving or maintaining the sanctity of the 
marine environment. Some of their key achievements have been: the creation of 
protected areas for endangered marine species, such as the white dolphin and egrets 
(PEMSEA, 2006a), building of sewage treatment plants and reduction of untreated 
waste entering the marine environment, replanting of mangrove forests, and the 
removal of over 13 km
2
 of aquaculture from the western sea region (PEMSEA, 
2006a). The Xiamen local government has been successful in dealing with costly 
rehabilitation and pollution prevention programs in the past, and as a result the 
Chinese central government has adopted ICM as its main coastal management 
strategy. As of now there have been 10 regions around China that have adopted their 
own PEMSEA ICM programs, with many more in the process of adoption (PEMSEA , 
2009). 
While Xiamen’s ICM program has been successful in dealing with reducing 
pollution in the surrounding waterways, increasing pollution monitoring, and 
protecting endangered marine species, there are still high levels of pollution in some 
regions (Guo et al, 2011). One type of pollution, which has been highlighted as being 
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pollutant that has been known to cause physical deformities to benthic species such as 
snails and other mollusks. OT compounds are commonly used in paint as antifoulants, 
and can be commonly found on ship hulls, aquaculture nets, and other underwater 
structures. These compounds have been completely banned for use on ships by the 
International Maritime Organization (IMO) since 2009 due to their toxic effects on 
marine organisms (IMO, 2001). Recent studies have found that OT pollution has 
continued to have negative impacts on marine species in Xiamen (Zhao et al, 2007; 
Wang et al, 2008, 2011; Xie et al, 2010; Zhang et al, 2013). Although the levels of OT 
pollution in Xiamen are relatively low compared to other coastal regions in China, 
they are still higher than those in western countries, and significant enough to cause 
damage and stress to the natural ecology (Xie et al, 2010).  
With Xiamen being the ICM demonstration site for China, the city has secured 
its role as a model for sustainable development and environmental pollution reduction 
in China. The local government needs to look at the pertinent coastal pollution 
problems for not only Xiamen, but China as a whole, and systematically take steps 
towards reducing inputs of these pollutants into the natural environment. China, as a 
member of the IMO is responsible to discontinue its use of OT compounds as 
antifoulants. While the process of OT reduction may take many years, Xiamen, with 
its effective ICM program and large shipping and aquaculture industries, is the perfect 
location to initiate a reduction of OT in the marine environment. This paper aims to 
analyze and suggest ICM based regulations on the use of OTs in Xiamen. 
  
1.2 Sources of Organotin  
The major concentrations of OT pollution throughout the world are found in 
the aquatic environment, specifically in the coastal zone (Cao et al, 2009). Regions 
with high shipping traffic and marine boating activities, such as major ports, have 
been found to have the highest levels of OT in both marine species and sediments 
(Cao et al, 2009; Okoro et al, 2011; Bartley et al, 2000) Currently there are a few 
major input sources for marine OT; the most significant is antifouling paint, however 
other sources such as industrial and municipal wastewater, agricultural runoff, and 
leaching from PVC products (El-Sayed et al, 1988; Fent and Hunn, 1991; Barakat et 
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marine environment, however the levels to which these different input sources add to 
the pollution levels is still unclear. 
 Antifouling coatings have been agreed upon as the major source of OT 
contamination in coastal zones. (Cao et al, 2009; Okoro et al, 2011; Liu et al, 1997; 
Liu et al, 2011). TBT based antifouling compounds have been used since the 1960s as 
the main antifouling ingredient in boat paints due in part to its long lasting effects 
(Gibbs et al, 1991). Originally, chemicals containing mercury, arsenic, DTT and lead 
were used as antifoulants, but use was quickly ceased over growing concerns of 
environmental and human health risks associated with these compounds (Bennett 
1996). These compounds were quickly replaced with TBT based antifouling paints, 
which originally appeared to have minimal impacts on the environment (Lewis, 1998). 
OT compounds have the unique property of having a low surface release rate of about 
1.6 µg cm
2
/d (Bartley et al, 2000). This release rate increases if the ship's hull is 
recently painted to as high as 6 mg cm
2
/d, and will reduce to a more constant rate after 
about two weeks (Bartley et al, 2000). Bartley et al. (2000) calculated that, during a 
three day stay in a harbor, a commercial ship can release more than 200 g of TBT into 
the water, this contamination of surrounding water can reach levels of 600 ng/L in the 
case of newly painted hulls (Bartley et al, 2000). Minchin et al. (1996) found that in 
areas where ships dock for even a relatively short period of time can show significant 
TBT levels in the water. These statistics, along with collected sediment data, show 
that TBT pollution in harbors, especially those used for ship repair and repainting, are 
the hotspots of OT pollution. For more detailed information on the history and uses of 
OT Refer to Omae (2006). 
 Until recently, the majority of OT studies have focused on TBT found in 
antifouling paints as the main source of OT pollution; however, there had been less 
focus on the impacts of agricultural runoff from the biocidal application of OT 
compounds. TPT compounds have been used since the 1960 as fungal biocides 
applied to a wide array of plants including rice, peanuts, carrots, and potatoes (Champ 
et al, 2000). These TPT compounds will leach into the soil, or enter the rivers after 
rain as agricultural runoff (Champ et al, 2000). A study in Taiwan found that in 1996 
more than 150 tons of 45% TPT were used for agricultural production (TAIA, 1997).  
While it is relatively easy to determine how much of these OT compounds were used 
on agriculture, there are few studies which look at the decay and runoff of OT in the 
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